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Abstract

Labelling with " T o of fibrinogen, using DTPA anhydride as the bifunctional chelating agent, was studied in

animals with venous thrombi. The parameters studied were: i) coupled reaction of T c with the fibrinogen-DTPA-

Sn(II) in lyophilised form; ii) biodistribution studies of fibrinogen-99mTc in animals with venous thrombi, and iii)

imaging studies by scintigraphic methods. The present study showed that the radiochemical purity of fibrinogen-

D T P A - T c i s > 95o/o f o r a maximum of 5 mCi (185 MBq) radioactivity of T c in the 1.5 - 2 ml volume. Above this

level of radioactivity we found a drastic decrease in the radiochemical purity. The radioactivity ratio of the venous

thrombi to the blood was 2.32 ± 0.45. The scintigraphic images showed a significant accumulation of fibrinogen-

D T P A - T c in 1-hour-old thrombi, 1 hour after injection.

From this results the diagnostic potential of fibrinogen-DTPA-Sn(II) in kit form was evaluated.

1. INTRODUCTION

The possibility of early diagnosis of thrombosis and free moving thrombi is offered by

scintigraphic methods using fibrinogen, labelled with different radionuclides. Studies regarding

the chemistry of technetium - " T c and of macromolecule - bifunctional chelating agent complexes

produced many scientific papers on the labelling of fibrinogen with " T c [1-8].

The intention of this study was to develop a kit for the preparation of fibrinogen labelled

with " T c . Scintigraphic images of thrombosis models used for the evaluation of fibrinogen-

DTPA-"Tc present a gradual accumulation of radioactivity with a maximum at 1 hour after

intravenous injection.

2. MATERIALS AND METHODS

The bifunctional chelating agent DTPA - anhydride was synthesised as described in [1]. The

IR spectra shown in Fig. 1 reveal the carbonyl bonds at 1820 cm'1 and 1773 cm'1; a strong bond at

1639 cm"1 reflected the ability of its central carboxyl group to ionise, thus it was amphoteric. The
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Fig. 1 IR Spectra of the DTPA-anhydride (A) and fibrinogen-DTPA conjugate (B)
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Fig. 2 Variation of the thrombi to blood ratio
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application of stannite ions (SnO2
2") for the reduction of "mTcO4' in the preparation of fibrinogen-

DTPA- Sn(II) has been investigated in our laboratory. The stannite solution was prepared by

alkalisation of the stannous chloride solution with sodium hydroxide. The human fibrinogen was

obtained in lyophilised form from the Haematological Institute, Bucharest. A "Mo - 99mTc

extraction generator was used for labelling with 99mTc.

All chemicals used were of reagent grade.

2.1. Preparation of Fibrinogen-DTPA-Sn(II) complex

Human fibrinogen (0.625g) and DTPA - anhydride (0.06 g) were dissolved in 80 ml HEPES

buffer, pH = 8.6. Complete solution of anhydride was ensured by adding a few drops of

chloroform, which was evaporated from the system by gentle agitation under a flow of nitrogen.

The solution obtained was incubated for 1 hour at 5°C. After heating the solution to room

temperature, we added 20 ml Na2Sn02 solution (with a Sn O2
2' content of 36 mg), in drops under

a nitrogen atmosphere. The final pH of the solution was 8.8.

The solution obtained above was sterilised with a 0.4 jam Millipore filter and divided into

1 ml portions. The lyophilisation was performed for 24 h under aseptic conditions, with the

following parameters: -46°C eutectic point, -54°C optimal freezing point, +25°C drying

temperature. The IR spectra of the fibrinogen - DTPA conjugate [Fig. 1(A)] showed a band at

1200 cm'1 corresponding to —CO—NH— vibrations in the conjugate, as can be seen by

comparison with the IR spectra of DTPA-anhydride in Fig. 1 (B)

2.2. Labelling with "™Tc of Fibrinogen-DTPA-Sn (II) complex

The labelling was effected by injection into each vial of lyophilised fibrinogen-DTPA-Sn(II)

(prepared as described above) of 1 - 1.5 ml Na99mTc04 solution, containing 3 - 5 mCi (111-185

MBq) activity. The contents of the vial were dissolved using agitation by rotation, resulting in a

clear and colourless solution with pH = 8.5.

Radiochemical purification was effected by chromatography with Whatman No.l paper,

using the solvents: (A) acetone and (B) acetic acid 0.1 M: sodium acetate 0.1 M (3:2). In the (A)

solvent at Rf = 0, the percentage of fibrinogen-DTPA-99mTc complex which was radioactively

labelled was > 95% while in (B) solvent at Rf = 0 the percentage was 92 - 94%. At Rf = 0.68 -

0.67 in solvent (B), there is a radioactive spot representing DTPA-^Tc, with 2-3% of the total

activity. It is possible that in the polar solvent, the appearance of DTPA - " T c was due to

hydrolysis.
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2.3. Biodistribution and imaging studies

For the biodistribution studies we used Wistar London rats with 130-150 g weight. Venous

thrombi were induced by perivascular application of formalin to the femoral vein of rats [8]. One

hour after the formation of thrombi, the rats were injected intravenously with 30 uCi in 0.1 ml

fibrinogen-DTPA-99nTc. The animals were sacrificed at 30, 60, 90 and 120 minutes after

injection. The target organs were dissected out and measured.

For the imaging studies was used rabbits with 2.5 kg weight. Venous thrombi were induced

in the rabbits as just described. One hour after the formation of thrombi, the rabbits were injected

i.v. with 200 |iCi (7.4 MBq) in 0.2 ml fibrinogen-DTPA-99mTc. The scintigrams was taken 15, 30

and 60 minutes after i.v. administration, using a Pho-Gamma camera (Nuclear Chicago, USA).

3. RESULTS AND DISCUSSIONS

The time course of fibrinogen-DTPA-99mTc distribution is shown in Table 1. Biodistribution

studies showed a relatively fast and high uptake of fibrinogen-DTPA-99mTc in the thrombi. The

variation in the thrombi-to-blood ratio is noticeable, as shown in Fig. 2. The maximum

accumulation of radioactivity in thrombi was at 60 minutes after injection. This high thrombi-to-

blood-ratio would be a positive factor in the use of fibrinogen-DTPA-99tnTc for imaging of

thrombosis. Scintigrams in a rabbit with thrombi are presented in Fig. 3

The localisation of thrombi improves gradually, with clear delimitation at 60 minutes after

injection.

Table 1
Distribution of fibrinogen-DTPA-99mTc in tissue

^ s . Time

Thrombi

Blood

Liver

Spleen

Lung

Kidney

Distribution (percentage of dose per gram)

30 min

3.92 ± 0.92

2.92 ± 0.50

7.81 ± 1.00

0.19±0.20

0.62 ±0.10

3.71 ±0.20

60 min

6.99 ± 1.00

3.01 ±0.10

5.62 ±0.30

0.17 ±0.03

0.61 ±0.03

5.44 ±0.10

90 min

6.22 ± 0.20

4.11 ±0.40

4.54 ± 0.20

0.15 = 0.04

0.59 ± 0.04

5.88 ±0.90

120 min

5.01 ±0.40

7.07 ±0.30

3.73 ± 1.00

0.12 ±0.01

0.34 ± 0.06

4.23 ± 1.10
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ig. 3. Scintigrams in the rabbit with thrombi at 15 min (A), 30 min (B)
and 60 min (C) after injection

Fig

4. CONCLUSIONS

In this investigation we have attempted to obtain a fibrinogen-DTPA-Sn(II) kit for labelling

with 99mTc. All studies were effected with fibrinogen-DTPA-Sn(II) in lyophilised form, sterile

and pyrogen-free. The results of our investigation suggest that fibrinogen-DTPA-99mTc is a

promising clinical diagnostic agent for the detection of thrombi.
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